A pasture-based system for dairy cattle is not common due to the need for milking, despite the fact that this system provides the possibility of natural animal behaviour. Six behavioural observations were carried out during the grazing season in dairy herds bred in a mountainous area (700 m a. s. l.) The basic herd was comprised of 53 cows, mainly of the Holstein breed.
INTRODUCTION
There has been a decline in the number of cows in the Czech Republic. Although in 2012 the number of cattle increased by 9,000 (+0.7%) to 1,354,000, the number of dairy cows decreased by 1,000 to 373,000. According to Kvapilík et al. (2012) the proportion of permanent grassland area should be rising with the support of the common agricultural policy. The challenge will be to ensure ecological and economic exploitation of permanent grassland area, since there is a gradual decrease in livestock units (LU) per 100 ha of agricultural land -by 2.0 in cattle over the last 6 years (from 24.3 to 22.3 LU). The need to milk the cows two or three times a day has led the farmers to stop grazing their herds. Yet the pasture-based system represents a significant possibility of returning to the natural ways of farming. Although the Czech Fleckvieh cattle (CFS) is the main domestic breed with combined meat-milk production, it is gradually being replaced by the breed with the highest milk yields in the world -the Holstein cow (H). In 2011, the ratio of CFS and H cows to all dairy cows was 38.53% and 57.44% (134,074 and 204,332 heads respectively). The percentage of cows involved in performance recording (PR) in the Czech Republic is almost 95% and is one of the highest in Europe, and therefore the results are valid, with certain restrictions, for the whole country (Kvapilík et al. 2012 ). Since 1989 a steady growth in milk production has been recorded to the current 7,811 kg of milk which is comparable to the milk performance of cows in developed countries. The average milk yield for 2011 reached 8,808 kg for Holstein cows compared to 6,545 kg of milk in Czech Fleckvieh cows, with significant differences observed in both breeds when comparing grazing in foothill and mountain areas and in lowlands.
According to Vegricht (2008) , transition to breeding cows with significant milk yields requires keeping to a correct concept and a number of significant changes such as a considerable increase in yield, nutritional requirements, production environment, care, welfare, management, etc. Stádník and Dvořáková (2006) state that the longevity of cows that maintain a good level of milk yield is the most important factor. Ticháček et al. (2009) adds that the productive age of dairy cows is gradually decreasing. According to Kvapilík et al. (2012) the average level of lactation in milk recording has for the last three years been at 2.4. Motyčka and Vacek (2007) point out that a negative consequence of strong selection pressure on production is the overall deterioration of reproduction and animal health. The general concern of cattle breeders should be to create a complex of breed-nutrition-environment-man with respect to all components (Pytloun et al. 2009 ).
Physical activity is an essential need for high performance animals (Pytloun et al. 2009 ). Doležal (2009) therefore supports loose stabling, which he divides into airy stables and barn shelters. Both systems allow animals to adapt very well to environmental conditions, through a thermoregulatory system. This is consistent with the claim of Medek (2009) , who concludes that the cattle's thermoregulatory zone is shifting to lower altitudes. According to Ticháček et al. (2009) animal welfare is a precondition for maintaining health, performance and well-being. This includes much more than mere elimination of animal suffering. Vaarst et al. (2004) adds that welfare is one of the fundamental principles of organic livestock breeding and strongly coupled above all to life expectancy.
According to Webster (1999) animal welfare is based on the relationship between the animal and its environment. Behavioural indicators are then the primary means for assessment of environment suitability. According to Grandin (2007) cattle are typical herd animals with a hierarchical arrangement of social needs in the group. According to the author, a suitable herd size varies between 20 and 70 animals (Hrouz et al. 2007 , Linhartová 2008 . Zahrádková et al. (2009) states that social interactions are also good indicators of health and well-being in the herd.
Grazing returns animals to their original natural conditions which is the ideal (Bartásek and Novosad 1985) . Where there is sufficient space, aggression in grazing cows decreases compared to those who are stabled, but the breeder should respect the demand for a separate breeding of horned and hornless cows. According to Linhartová (2008) and Hrouz et al. (2007) cattle get up and lie down on average 10 times per day, and a distance from others of 0.5-5 m is maintained. Cattle spend 9-14 hours lying down, according to Cook (2008) Khanal et al. (2008) mention that during the year milk fat content changes as well. Before and after the grazing period the content of fat is around 3.6% while during the grazing period it rises to about 4.2%. Also, during the grazing period milk production reduces from the initial 25 kg d -1 to 12 kg d -1 . Similar results have been reported by Pulido et al. (2010) , who also mention that access to pasture positively affects the resulting milk yield and the treatment of plant pasture composition makes a bigger change than change in the energetic part of the feed.
It is thought that the length of feeding will extend at the expense of lying time during grazing season. The aim of this study was to evaluate the basic behavioural categories in dairy cows in a pasture breeding system during one grazing season.
MATERIAL AND METHODS
Data was obtained on a private farm, running since 2007 as an organic farming system. The farm is located in a potato growing area with an altitude of 700 m above sea level, with an average annual rainfall of 790 mm and an average annual temperature of 5.8 °C. The total area of agricultural land is 188.6 hectares -of which 7.5 hectares is arable land and the rest is grassland (6 ha of meadows and 175.1 ha of pastures, with an average yield of dry matter from 2.0 to 2.5 t ha -1 on meadows and 6.0 to 6.5 t ha -1 on pastures). Pastures are cultivated with spike-tooth harrow and sown with meadow clover and rye grass. All the land is regularly fertilized with organic fertilizers. These measures lead to increasing yields. Packing in PE bags is used for silage production.
The farm is focused on milk production using the grazing method. The herd observed consists of 53 Holstein dairy cows and the Czech Fleckvieh breed crossbred with Jersey (to increase the milk components). In the herd the seasonal calving system is applied in the months from February to April in order to make the most of fresh forage for milk production, and during the grazing period up to 75% milk is produced. To ensure high milk production the beginning of the reproduction period is used for insemination. Bulls suitable for grazing systems are chosen. To ensure pregnancy a Holstein bull is used for natural breeding.
In these conditions the grazing period starts on the 10 th April and ends on the 20 th November. At the beginning and at the end of the season the complementary feed is haylage. During the full grazing period concentrated feed is added in the milking parlour only. In winter, the ration is made up of clover-grass silage, hay and concentrated feed. Year round mineral supplements, salt and water are available to the animals. Grazing proceeded on two separate pastures during the observation period. The first pasture is adjacent to the barn with the milking parlour, surrounded by a forest and a pond on the south eastern side and bordered by a road on the west side. The second pasture is surrounded by woods and the milking parlour is located about 0.8 km away, and it takes the herd about 12 minutes to reach it. Both pastures are fenced by an electric fence. Animals are supplied with water from the pond and through tanks with drinking basins.
In winter the animals are housed in a renovated barn with loose boxes and intensive straw bedding. There is unrestricted access to the paddock from the stables. The amount of manure produced annually is about 800 tons which covers all the requirements for fertilization of the used land. In summer, animals are on pasture all day. They return only 2 twice a day for milking, conducted in a tandem milking parlour with 5 standings. Milking starts at 5 o'clock in the morning and at 5 o'clock in the evening and takes approximately 1.5 hours. Right next to the milking parlour is a lying shed with lying boxes for the cows to rest while waiting for milking and feeding.
The average yield per lactation in 2010 was 6,715 kg of milk (average daily milk yield 16.61 kg) with 4.03% fat and 3.28% protein. The average number of lactations per cow was 3.82.
Ethological monitoring of the dairy herd took place during the grazing season of 2010, and consisted of six monitoring days between May and October. Each monitoring started at the same time, at noon and continued for 24 hours. Group pictures were taken with a time interval of 10 minutes and basic vital signs such as feed intake (grazing), lying, standing and physical activity were monitored. Binoculars and a night vision device were used.
Observation data was written to an ethogram, then processed and evaluated and presented in the form of tables and graphs in Microsoft Excel. In order to compare two categories of behaviour (food intake and rest) during the day with respect to the ambient temperature the set was divided into two levels by the maximum daily temperature as low (7 °C) and high (28 °C). The results are presented in absolute and relative terms (hours, %). Milk yields including content of milk components were taken from monthly reports on milk recording.
Conditions on each day of the behavioural observations are given in Table 1 . Table 2 shows results for the entire period for all categories of behaviour in absolute terms and percentage representation. Fig. 1 shows the results for the feed intake category. As shown in Table 2 and Fig. 1 , during the grazing season, there was a slight variation with a tendency to extend the grazing period to the autumn months. Cattle grazed the shortest time in May, 35.0% or 8.4 h, when the vegetation in the pasture was at an average height of 20 cm, rich in species and wet. The basic condition for ensuring the desired performance is not only high quality pasture, but also its optimum height for the cattle. Some authors consider the optimal height to be 15 cm or 7-12 cm with continuous grazing (Frame and Reynolds 2005) and 10 cm for rotational grazing (Wedin and Fales 2009 ). Moist vegetation is easily accepted by the animal and thus can reduce the overall time of feed intake.
RESULTS AND DISCUSSION
Grazing can also be influenced by the number of dairy cows in the herd. 53 animals in the reference herd is, according to Hrouz et al. (2007) , the optimum number of a herd. Linhartová (2008) finds the optimal herd size to be from 20 to 30 cows. Even though the 53 individuals in the herd are of several breeds, the animals do not fightthe cows are used to each other, and the herd hierarchy has been established which ensures an adequate intake of feed to all the animals.
During the month of June the length of grazing was extended to 9.3 hours. The cows were grazing on the more distant pastures, where the vegetation was poor quality. In July and August the feed intake times were almost identical (8.8 resp. 8.5 hours) even though the herd grazed on other pastures. In both the autumn months grazing length was considerably extended to 10.8 and 11.0 hours respectively, an increase of 2.2 resp. 2.6 hours compared to May. In both observation sessions on the pasture near the barn, grass growth was lower (15 resp. 10 cm) and of particularly low quality in comparison to the spring and summer seasons. According to Linhartová (2008) and Zoller (2008) cattle spend six hours a day on pasture grazing. Botheras (2007) indicates 6-11 hours, which correlates better with our results. Also O'Driscoll et al. (2009) reported the range of grazing from 8.8 to 10.0 hours. When comparing the length of lying time, there was a trend of a slightly shortening rest periods from spring to autumn (see Table 2 and Fig. 2) . The cows spent the longest time of rest in May and June, 8.9 and 9.1 hours respectively, and rested the least, 6.8 h, in October, a reduction of 2.3 hours compared to the maximum. Linhartová (2008) and Hrouz et al. (2007) both indicate the range for cattle resting 9-14 hours a day, which in our case was accomplished only in June (9.1 h). Given that, according to Boland (2011) cattle ruminate 5-9 hours a day, the resting time seems short. However, the animal alone decides. Some animals ruminate not only while lying down but also when standing, although less efficiently. Grandin (2007) states that cows ruminate wherever they feel comfortable. An interesting finding was that each cow had one individual resting place for the night but not during the day. Also the distance between the animals was different at rest during the day and at night. During the day the animals lay further apart but chose their positions so they could see each other. At night, the animals were closer together, but not touching each other. Throughout the resting period one or two cows stood at the edge of the herd, being on guard. Standing is a form of rest, in which cattle ruminate or perform body cleaning. Activities related to milking (waiting for milking, and the milking process) extend this category. As can be seen in Fig. 3 , two longer periods in May and July occurred when the values ranged between 3.9 and 4.1 hours per day respectively. In other cases, the time periods were almost the same (from 2.4 to 2.8 h). Table 2 and Fig. 4 show the time of physical activity. Most of this time was spent moving from the pasture to the milking parlour which was twice a day. Other important factors were the distance to the drinking basin and the quality of vegetation in the pasture. Cook (2008) indicates that the path to the milking parlour should take up to 50 minutes. In our case walking distance from the distant pastures was 12 minutes. The cattle were moving the most in August (5.5 h, or 22.9% of the day) as they were on the pasture furthest from the barn and also because of the quality of that far side pasture. Furthermore, the distance to reach the water source was also extended. In October, the second longest period of motion was recorded (3.5 h or 14.6% of the day) although this was mainly related to the movement while searching for high quality pasture. In other months, time spent on physical activity was shorter. According to Kilgour (2012) , cattle normally move for 3-6 hours a day while grazing and he adds that the rate of movement is determined by the quality and quantity of pasture. When sufficient, quantity of movement on the pasture is reduced to a minimum. The statement by Šarapatka and Urban (2005) that rainy weather in the autumn increases physical activity of animals on pasture has not been confirmed.
Presence of a bull in the herd did not affect the stereotypical behaviour of the entire herd. If there was a rutting cow in the herd, the bull influenced the behaviour of just a few individuals. Animals follow the regular biorhythm which means grazing in the early morning, followed by milking time and then the start of the evening rest. During the day, based on conditions such as the quality of vegetation, the length of transition to the pasture and the air temperature, the animals themselves choose the frequency and duration of the individual categories of behaviour which is always sufficient to satisfy the hunger, the possibility of rumination and resting. For dairy cattle milking is a significant factor influencing the behaviour of the animals during the day. It has been shown that the cow can very accurately identify the most suitable milking time, gathering near the milking parlour, both in the morning and in the afternoon. Only on very rare occasions were a few animals forced toward the parlour. Therefore, it is very necessary to respect and always keep to regular milking times. The results of selected categories of behaviour in dairy cows dependent on different outside temperatures are shown in Table 3 and Fig. 5 and grazing in Fig. 6 . The lowest temperatures were recorded in the months of September and October (average temperature of 7 °C) and highest temperatures in June and August (average temperature 28 °C). As can be seen from Fig. 5 the herd kept to its biorhythm both during early morning and evening activities despite the temperature changes. High temperatures during the day resulted in increased demands for thermoregulation as ruminants are better adapted to lower temperatures (Silanikove 2000) . However, grazing time was not postponed into the dark hours as is observed in beef cattle (Zahrádková et al. 2009 ). At low temperatures, three periods of food intake were observed, while grazing at high temperatures was found to be divided into five periods. As can be seen from Fig. 6 , no continuous period of rest was observed at low temperatures during the day and rest was concentrated into the night hours. At high temperatures, the cows kept two resting periods, especially during the hottest part of the day, in order to better cope with this stress factor. Table 3 shows the extension of the period of feed intake at lower temperatures to 10.9 h (from 8.9 hours) while the resting period is reduced to 7.2 hours (from 8.3 hrs). Milk yield is significantly influenced by the grazing period and crop quality. As can be seen from Table 4 and Fig. 7 during the grazing season there was a reduction in milk yield from 18.1 kg in March (or 20.4 kg in April) to 14.4 kg in November. Virkajärvi et al. (2002) came to the same conclusions. A similar trend was observed for fat content in the milk which decreased from the beginning of the grazing season to the lowest value of 3.48% in July. In the second half of the grazing season milk fat again increased and was on average around 4.01% at the end of the grazing season. This corresponds well with the findings by Khanal et al. (2008) . Protein content decreased at the beginning of the grazing season in April by 0.72%, from an average of 3.61% recorded in March. In the following months the content of protein in milk varied between 3.06% (July) to 3.42% (October). Lactose content was almost constant during the year with fluctuations under 5%. This value was exceeded only at the end of the grazing period in November rising to 5.17%. According to Kennedy et al. (2011) protein and lactose levels during the grazing period are on average around 3.4% and 4.7% respectively. Flowers et al. (2008) concludes that grazing dairy cows with milk yield around 18.1 kg of milk per day exhibit an average fat content of 3.23%, 3.03% for protein and 4.56% for lactose which are slightly lower numbers as compared to our results.
The results clearly showed that in specific environmental conditions the length of lying is getting shorter at the expense of feeding time at the end of grazing season. This hypothesis has been verified by those results. 
